The logic behind the argument is simple. While maximizing the expected reward from foraging may prove advantageous, so may minimizing the uncertainty that a particular behavior will actually generate a given reward. Minimization of the uncertainty minimizes the probability that the organism will actually fare very poorly in its foraging. Two behaviors may generate the same ultimate value, though they differ in their expected values so long as the behavior with the lower expectation is compensated for by a higher degree of certainty. Consequently, there may be a tradeoff between the expected value of a behavior and its certainty. Real (1981) chose to depict such a relationship as the expected reward discounted by a function of the variance in reward, i.e., I Manuscript received 13 November 1981; revised 2 April 1982; accepted 4 April 1982.
F(x) = E(x) -AV(x)
( 1) where E(x) = expected reward from flowers of type X, V(x) = variance in the reward between flowers, A is the "coefficient of risk aversion" (a measure of the degree to which increasing variance is undesirable), and F(x) = the perceived value to the pollinator of flowers of type X. This relationship assumes that, given a choice between two floral types with equal expected rewards, the pollinator will choose the type with the lower variance. Using artificial flowers on a Plexiglas? grid and an enclosed colony of bumblebees (Bombus sandersonii), Real (1981) tested this assumption. Under controlled manipulations in which the two artificial flower types had equal mean rewards, the foragers chose the floral type with the least variance. This corroborates the minus sign in Eq. 1. However, more is needed than simply to show risk aversion. If the model is correct, the perceived value of the variable floral type can be enhanced by increasing its mean reward. When the variance is fixed, the expected reward can be increased until the foragers show equal preference (or "indifference") between constant and variable floral types. For the two floral types to be of equal perceived value, F(x) for the two types must be equal. We designate this indifference value as Fo(x). The set of means and variances that will be of equal preference is then given by the equation:
The model predicts that the tradeoff between variance and expectation will be linear and that a plot of Ecology, Vol. 63, No. 6 all such indifference points will generate a straight line on an [E(x), V(x)]-coordinate system. A demonstration that the tradeoff between expectation and variance is linear would further corroborate the model. It would also yield the coefficient of risk aversion since the slope of Eq. 2 is I/A. If the tradeoff is nonlinear, then the model must be modified accordingly.
In the experiments reported here we determined the shape of the indifference curve and the coefficient of risk aversion for two spatial distributions and two flower types. The methods we used are identical to those used by Real (1981) and are only briefly described here. We used a technique initially described by Waddington (1979) and further modified by Real (1981) . Wells 3 mm deep and 2.54 cm apart were drilled into a 1.2 m x 1.2 m x 6 mm Plexiglas sheet (or "beeboard" ), generating a uniform distribution of 2304 wells. From these possible positions random coordinates for 200 artificial flowers (squares of blue and yellow cardboard centered and fixed under the appropriate wells) were assigned. Floral color was assigned alternately, producing a mixed patch of 100 blue and 100 yellow flowers distributed randomly over the beeboard. The board was placed over a plywood sheet painted green. For each trial known quantities of diluted honey were dispensed into the appropriate wells. The diluted honey was adjusted to 30% sucrose equivalents measured by a hand refractometer and dispensed using either a Gillson variable-volume or Hamilton fixed-volume microdispenser. The bee-board was then slipped into the enclosure and the foraging sequence of individual bees was monitored. Each trial consisted of a known distribution being inserted into the enclosure and a single forager's choices of flowers to visit. After a bee finished foraging, or after she had visited :40 flowers, the board was removed and washed.
The data presented are the pooled responses of many individual bees to a given distribution of nectar rewards. No single individual bee was subjected to the entire range of means and variances, and no doubt pooling the data obscures some of the natural variation in individual response that has been observed elsewhere (Waddington et al. 1981 ). Ideally one should obtain sufficient data to assess individual differences in risk sensitivity. We hope to carry out these finetuned experiments in the future. For these data, however, we collected (and pooled) the responses from eight foragers. Most of the data were collected from three bees. Each distribution was tested three times. In all but one case, when different bees were subjected to the same distribution they responded similarly, i.e., when one bee was indifferent so were the others. Consequently, we feel that the qualitative response to variance is similar among bees, while quantitative responses may vary. Since our analysis is ordinal, i.e., the magnitude of preference is not considered, pooling the data seems justifiable.
Using these techniques we determined the tradeoff relationship between mean and variance in reward per flower for the colony. One floral type on the bee-board was kept constant with a known reward expectation. The other floral type had a fixed variance, but the expectation was increased or decreased until the individual bees showed no preference for either type (measured as no significant deviation from random foraging by a chi-square test). This gave us one pair of points for the indifference curve. Next, the variance in the variable-type flower was increased, and again, the point of indifference between it and the constanttype flower was determined by adjusting its expectation until foragers exhibited random foraging. This yielded another indifference point. The process was continued until the relationship was established over a range of variances. For a given constant type we have then the combinations of means and variances in the variable type that generate (I) preference for the constant type, (2) indifference between constant and variable types, and (3) preference for the variable type. Regression of the indifference points then reveals the curvature and the slope of the tradeoff. We performed four experimental series to arrive at four indifference curves under different ecological conditions. Experimental series number 1.-In this first series nectar content of blue flowers was kept constant, with 2 p.L/flower. The nectar content of the yellow flowers was variable, with means and variances generated from the distributions listed in Table 1. Experimental series number 2.-Once again the nectar content of blue flowers was constant with 2 juL of nectar in each; that of yellow flowers was variable. However in this series, the yellow were clumped rather than randomly mixed over the board. We adjusted the positions so there were 10 clumps of 10 flowers each more or less uniformly spaced over the board. Our hypothesis was that clumping the flowers should reduce risk aversion, i.e., pollinators should be more willing to accept uncertainty when the flowers are clumped. Means and variances for the variable yellow flowers were generated from the distributions listed in Table 2 .
Experimental series number 3.-From previous experiments by Real (1981) and repeated experiments during the early part of the summer we know that bumblebees (under these conditions) show a yellow color preference, i.e., when all the flowers have the affected risk taking (Fig. 2) . The linear regression for the clumped series is Cr2 = 5.8 + 3.34k (r2 = .89, P <.01), and the coefficient of risk aversion is 0.30. Statistical analysis of the regression lines for Figs. 1 and 2 indicates no difference in slope but a significant difference in intercept (P < .05). This means that for a given expected reward the bees are accepting more variance in reward with clumping, but the tradeoff between mean and variance (the coefficient of risk aversion) remains the same. This can only occur when Fj(x), the initial perceived value of a flower, is greater when clumped than when randomly dispersed through the habitat.
If the propensity to attract pollinators influences plant fitness, then these results have obvious consequences for the evolution of inflorescence size, patch size, and the timing of flower presentation. The clumping of flowers makes them more desirable for bee visitation, and consequently, selection for reduced variation in reward would be relaxed in these species. , personal communication) . The maintenance of such machinery must incur some cost to the plant, a cost not shared by plants that lack such an insurance mechanism. These two energetic advantages are different in that we expect the costs of nectar production to be different from the costs of maintaining a certain level of variability. If either of these energetic benefits surpasses the energetic cost of clumping, then wve expect clumping to be energetically advantageous.
However, the energetic advantage may be reduced by the depressing effects of increased inbreeding. The genetic disadvantage in producing clumped flowers or being an individual within a clump may far outweigh any energetic advantage, and there will probably be some form of tradeoff between the energetic benefits and the genetic costs of clumping. At least one difficulty in assessing the benefits and costs is apparent: the currencies of benefits and of costs are different. The genetic costs are measured directly in fitness components, while energy is assumed to correlate indirectly with fitness components. Unless we can arrive at the direct translation of energy into fitness components, the resolution of the tradeoff will be difficult to establish empirically.
Series number 3.-From previous experiments under identical experimental design, we know that bumblebees prefer yellow flowers to blue flowers when the flowers are of equal quality (Real 1981) . These results were confirmed with our bumblebee colony earlier in the summer. What are the consequences of making the preferred flower constant and the less-preferred flower variable? In series number I the nectar content of blue flowers was constant, with 2 AL/flower, and that of yellow flowers was variable. For this series the roles of the flowers were reversed; nectar content of yellow was constant with 2 ,uL/flower, and that of blue was variable.
The consequences of such a simple change are quite dramatic. There is no longer any tradeoff between the mean and the variance in determining preference ( This indicates that when the preferred flower is providing a sufficiently high reward the bees track only the mean. When the mean of the less-preferred flower increases to a threshold level the bees will switch.
It appears that there is no intrinsic tradeoff between mean and variance in reward. Whether or not the bees consider the variance in their floral choices depends then upon complex ecological conditions relating to the relative rewards offered by flowers of different intrinsic preferences, for instance, the preference for yellow over blue. Can the bees be induced to resume tracking the variance if the quality of the preferred floral type is reduced? They can, and the next series was designed to show this.
Series number 4.-When the constant nectar content of the yellow flowers is reduced to 0.5 ,uL/flower and nectar content of blue flowers is kept variable, the bees start tracking the variance (Fig. 4) . The linear relation is given by cr2 = -5.0 + 6.7 p. (r2 = .76, P < .001), and the coefficient of risk aversion is then 0.15. There is no significant nonlinearity. The slope is significantly different from those of Figs. I and 2 (P < .05). When the yellow flower is providing a consistant but low reward, the bees not only resume tracking the variance but are less averse to risk than 
Remarks
Two important conclusions derive from these experiments. First, there can be a tradeoff between the mean and the variance in reward for pollinators choosing flowers, and that tradeoff is predicted by the variance-discount model of decision making. Second, whether there will or will not be a tradeoff and the quantitative nature of the tradeoff depends upon complicated ecological and behavioral preconditions that impinge upon the decision process.
These two results can be combined to foster a single question of paramount importance to the pollination biologist: what is the relationship between the quantifiable parameters of the habitat (or the organism's behavior) and the parameters determining the meanvariance tradeoff? We can determine these relationships either by carrying out comparative empirical studies over a graduated scale of ecological parameters or by searching for the underlying behavioral mechanisms that will generate the different responses as special cases. The latter approach, though sounder since based on first principles, seems an enormous task with little chance of success. Consequently, we opt for the less sound but more practical comparative approach.
We are continuing to test the model with bumblebees, but the questions raised here are applicable to many other organisms and biological interactions. The model should apply to nectarivorous birds and bats as well as frugivores. In fact, any sort of diet selection should incorporate some measure of uncertainty. The model may be equally well suited to other sorts of decisions where there are uncertain outcomes, such as mate selection, habitat selection, breeding time, etc. We hope that the examination of the role of uncertainty in decision making will be extended to other systems.
